Avian primordial germ cells (PGCs) show a unique migration pathway during early development. As soon as the blood vessels have formed, PGCs enter the circulatory system, and migrate to the gonadal primordium. We measured the concentration and the size of PGCs and erythrocytes from the wild-type plumage and the sex-linked brown strains of Japanese quail embryos when PGCs are in circulation at Hamburger and Hamiltons stages 13-19. PGCs were high in concentration and large in size at stage 13, and it showed a significant decrease as the function of embryonic development. Erythrocytes showed a low concentration at stage 13 and a significant increase as the function of embryonic development but the size was constant during stages 13-19. No strain difference was observed in these characters between the two strains of quail embryos.
Introduction
Avian primordial germ cells (PGCs) display a unique migration pathway toward their target organ, gonadal anlage, during early development. PGCs are the first identifiable precursor cells for gametes. These cells first arise from the epiblast in the central zone of the area pellucida and gradually translocate to the hypoblast during early stages of primitive streak formation (Sutasurya et al., 1983; Eyal-Giladi et al., 1981; Ginsburg and Eyal-Giladi, 1986; 1987; Tajima et al., 1999) . During gastrulation, the PGCs migrate anteriorly via the hypoblast and reside in the extraembryonic germinal crescent (Eyal-Giladi et al., 1981; Urven et al., 1988; Han et al., 1994) . As soon as the blood vessels form at Hamburger and Hamilton (1951) stage 10, PGCs from the germinal crescent start to circulate temporarily through the bloodstream, and by stages 20-24 these PGCs have migrated into the gonadal anlage where they rapidly proliferate and differentiate into either spermatogonia in the testis or oogonia in the ovary (Mayer, 1964; Fujimoto et al., 1976; Nakamura et al., 1988; Kuwana, 1993; Fujihara, 1999) . Migration features of PGCs facilitate their isolation and transfer in early developing avian embryos (Fujimoto et al., 1976; Chang et al., 1992; Yasuda et al., 1992; Ono et al., 1999) .
Avian genetic stocks as a manner of cryopreserved PGCs will be highly useful for the preservation of foundation stocks and endangered species (Tajima et al. , 1993; Fujihara,1999) . A number of attempts have been made to produce germline chimeras and donor-derived offspring by the transfer of PGCs in chickens (Naito et al., 1994 a; Tajima et al., 1993; Vick et al., 1993) , and Japanese quail (Wentworth et al., 1989; Ono et al., 1998) . Offspring were produced from frozen/thawed donor-derived PGCs (Naito et al., 1994b; Chang et al., 1998) . It is also possible for PGCs to serve as a vector for introducing and expressing exogenous genes to produce transgenic birds (Allioli et al., 1994; Naito et al., 1998; Ebara amd Fujihara, 2000) . For avian transgenesis, Japanese quail may serve as an excellent animal model because of its small body size and fast growth rate. They require 16 days to hatch and 6 weeks to mature to an adult body weight less than about 150g.
Basic information is available on the concentration of circulating PGCs in early chick embryos at stages 13-18 (Tajima et al., 1999) . For quail embryos, limited information on the concentration of PGCs is available at stages 14-16 (Ono and Machida,1999) and it is necessary to obtain more information to utilize quail as a pilot animal. Wild-type plumage and sex-linked brown quail are widely used because auto-sexing is available with the cross between wild-type females (Z+/W) and sexlinked brown males (Zb/Zb), with the resulting male and female offspring being wild-type (Zb/Z+) and brown (Zb/W), respectively. The present study, therefore, is (Snedecor and Cochran, 1989) .
Differences were regarded as significant at P<0.05.
Results and Discussion
Only PGCs and erythrocytes were observed in the bloodstream during stages 13 and 19. PGCs were large roundish cells with conspicuously large nuclei and easily distinguished from erythrocytes when observed under a phase contrast microscope.
PGCs circulate temporarily in the developing bloodstream in avian embryos, and this unique migratory pathway makes PGC collection easy. Basic characteristics of quail
PGCs were similar to those of chick embryos which were described previously (Mayer, 1964; Yang and Fujihara, 1999) . Tables 1 and 2 
